Supplementary Text
The choice of the Hubbard U parameter
The calculated lattice parameter and sub-lattice magnetic moments of SP-type Fe3S4 at ambient pressure by the GGA method were 9.491 Å, -1.83 μB for FeA and 1.96 μB for FeB, respectively, which were much lower than the experimental results (-3.16 μB for FeA and 3.24 μB for FeB) obtained by NPD 1 . A DFT + U method, therefore, was introduced in the simulation to correctly describe the strong electronic correlation 2 .
The correction to the GGA energy considering the Hubbard U parameter is generally expressed as the following functional
where J is an approximation of Hund's exchange parameter and is the on-site density matrix.
Such a functional indicates that the parameter
(usually expressed as Ueff) determines the correction to the GGA energy. In addition, the exchange parameter J is almost constant at ~ 1 eV 3 .
It is worthwhile to mention that the U = 1 eV case then represents the GGA limit given J = 1 eV.
Thus, in order to determine a reasonable U value compatible with our present system in the simulation, we varied the Hubbard U parameter in the range from 1 to 5 eV at a fixed value of 1 eV for J ( Moreover, the PW91 version of GGA was selected as exchange-correlation functional in their calculations while the PBE version of GGA was used in our studies. Thus, a slight difference between two chosen U values is very common. The occupations of FeA, FeB and S are marked by black numbers.
